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Adaptation of maternal fuel metabolism to fetal growth.
During gestation, the increased food intake by the pregnant mother contributes to a steady weight gain. This weight gain has 2 main components which accumulate at different times in gestation. During the first and second part of gestation the mother accumulates fat stores (Beaton et al., 1954 ; Hytten and Leicht, 1971) In all the species studied, the fetal blood glucose levels are lower than the maternal levels, but they are directly correlated with the maternal levels over a wide range of concentrations Shelley, 1973 ; Silver, 1976 (Haour and Bertrand, 1974 ; Marshall et al., 1974 ; Posner, 1975 Char and Creasy, 1976a ; Silver, 1976 Hill, 1973) . In the sheep (Lemons et al., 1976) fetal uptake of glutamine, branched chain amino-acids, arginine, phenylalanine and tyrosine is in excess of estimated growth requirements, suggesting that they are used for other purposes than protein synthesis. In the rat, fetal uptake of glutamine has also been found to be much higher than for other amino-acids (Yamamoto et al.,1974 ). This will be discussed later.
3) Free fatty acids.
In (Char and Creasy, 19766) . In the cow and guinea-pig a significant umbilical uptake of acetate has been shown, and it is dependant upon maternal acetate concentration (Silver, 1976 ; Jones, 1976a ).
4) Ketone bodies.
Ketone bodies are readily transferred from the mother to the fetus in human and rat (Sabata et al., 1968 ; Scow et al., 1958) , and there is a close correlation between maternal and fetal blood levels. By contrast, the ewe placenta is poorly permeable to ketone bodies (see Schreiner et al., 1978) . 5) Glycerol. ' Glycerol transfer across the placenta of the rat and rabbit has been demonstrated recently (Gilbert, 1977) . In the human and sheep, glycerol doesn't cross the placenta rapidly (Sabata et at., 1968 ; Schreiner et al., 1978 Meschia, 1973, 1978 ; Silver, 1976 (Williamson, 1975 ; Bailey and Lockwood, 1973) . As pregnant rats and women develop a marked ketonemia during a short term starvation (Freinkel et al., 1972 ; Felig, 1973) , the utilization of ketone bodies as an alternative fuel in the placenta and various fetal tissues (Shambaugh et al., 1977a, b) Hodgson and Mellor, 1977) . The values reported (7.4, 7.6 and 8.4 mg.min-l .kg-1 ) are approximately twice the umbilical uptake of glucose Meschia, 1973, 1978 Moreover, fetal liver is one of the first organ receiving oxygenated blood from the placenta. Other investigators, using the same preparation, have reported that fetal sheep was capable to perform gluconeogenesis from 14 C alanine (Prior and Christenson, 1977) , at a relatively low rate (0.3 mg/min/kg body wt) when compared with glucose turnover rate (7-9 mg/min/kg). The discrepancy between these two studies result from differences in the experimental procedures used (single injection of labelled compound or infusion), the site of injection and sampling and the difference in maternal stress during the experiments. Further experiments are needed to know if gluconeogenesis is really functionnal in utero in the sheep fetus.
In the guinea pig (Jones and Ashton, 1976a ;  Raghunathan and Arinze, 1977) and the rabbit (Callikan and Girard, 1978) , all the enzymes of gluconeogenesis are well developped in fetal liver at term, and the fetal guinea pig in utero is capable to convert labelled lactate, pyruvate and alanine to glucose . By contrast, gluconeogenesis is absent from fetal rat liver because phosphoenol pyruvate carboxykinase (PEPCK) is lacking (Hanson et al., 1975) . It has been possible to induce prematurely the appearance of fetal liver PEPCK by maternal starvation (Girard et al., 1977a) , by prolongation of the gestation (Pearce et al., 1974 ; Portha et al., 1978) or by phloridzin injection to the mother (Freund, Geloso and Girard, unpublished data). In all these situations, PEPCK induction resulted from an increased secretion of glucagon and a lowered release of insulin by fetal pancreas (review in Girard et at., 1977b).
Nevertheless it remains to demonstrate that full development of hepatic gluconeogenic enzymes in the fetus results in a premature appearance of a functionnal gluconeogenesis in utero (see Girard et al., 1977b , for a discussion on this special point).
3) Synthesis of energy stores.
Two types of energy stores can be accumulated during fetal life : glycogen and iriglycerides. They will be considered successively.
A) Glycogen stores. In all the species studied, the mammalian fetus accumulates glycogen in many tissues at the end of the gestation (review by Shelley, 1961) . A particular attention has been given to liver glycogen synthesis in the fetus, since this energy store is particularly important for glucose homeostasis in the newborn (Bohmer et al., 1972 ; Bohmer and Havel, 1975 ; Edson et al., 1975 ; Jones, 1976a (Bohmer and Havel, 1975 ; Biezenski, 1976; . The same observation has been done in vitro with tissues from the human fetus (Roux and Yoshioka, 1970 (Jones, 1973 (Jones, , 1976a Iliffe et al., 1973 ; Patel and Hanson, 1974 ; Jones and Ashton, 1976) and in vivo (Popjak, 1954 ; Jones and Firmin, 1976 (Shelley and Thalme, 1970 ; Edson et al., 1975) . As maternal starvation produces a decrease in fatty acid synthesis in fetal tissues (Fain and Scow, 1966) and since less glucose and more FFA cross the placenta from the mother to the fetus, it is suggested that fetal liver and adipose tissue triglycerides are derived from maternal FFA (Edson et al., 1975) . One other situation in which fetal adipose tissue stores are increased is the infant born to diabetic mother (Fee and Weil,1963) . Initially, it was proposed that fetal adiposity resulted from the excessive amounts of glucose which cross the placenta and result in an increase in fetal plasma insulin and an increase in fatty acid synthesis in fetal tissues (Pedersen, 1977) . Recently this hypothesis has been challenged, and it has been proposed that an accelerated transfer of FFA to the fetus, due to raised plasma FFA levels in diabetic mothers, could also been an explanation of fetal adiposity (Szabo and Szabo, 1974 
